Through its structural funds the European Union (EU) has invested €1.17 billion in the aquaculture sector over the period [2000][2001][2002][2003][2004][2005][2006][2007][2008][2009][2010][2011][2012][2013][2014]. In addition, the EU plans to spend a further €1.72 billion on the sector over the period 2014-2020 through the European Maritime and Fisheries Fund (EMFF). Despite this support, EU aquaculture production has not taken off. Indeed, EU production volume in 2016 was 8% less than in 2000, while global production increased by more than 150%. These investments aim to make the EU aquaculture sector more successful and competitive by focusing on quality, health and safety, as well as, eco-friendly production to provide consumers with high-quality, highly nutritional and trustworthy products. This study provides the first comprehensive overview on the allocation of the different structural funds in the aquaculture sector and across EU Member States from the year 2000-2020. The importance of these subsidies is put into perspective by comparing their evolution within and across the development of the different EU countries' aquaculture sectors.
Introduction
Globally, aquaculture has been the fastest growing animal food production sector in recent decades, a growth that is mainly attributed to a high degree of technological innovation going from relatively extensive to more intensive production systems [1] [2] [3] [4] [5] . The aquaculture sector is still relatively young, especially compared to agriculture, and consequently has a large potential for further growth and development [6] . The production process is determined by biological, technical, economic, institutional and environmental factors, which, to a large extent, are under human control [7] . Considering this rapid development and the high level of human interaction, public support may facilitate technological development and operation location, and accordingly could lead to higher production increases than in wildcapture fisheries. However, public support to the aquaculture sector can be considered good or bad depending on whether they exacerbate the activity's environmental impact [8, 9] ; even if the aquaculture industry and governance system have shown the capacity to address some of the negative effects [10, 11] Yet, while fisheries subsidies have received substantial attention in recent years [12] , less attention has been given to subsidies in aquaculture.
Global aquaculture production (including aquatic plants) in 2016 was 110.2 million tonnes, with the first-sale value estimated at USD 243.5 billion [13, 14] . In addition to providing food, aquaculture obviously brings jobs, income and wealth to over 18.7 million people globally (the proportion of people employed in the sector increased from 17% in 1990 to 33%) [14] . However, the production increase is far from evenly distributed and most of the growth has been in Asian countries that produced 92% of the volume in 2014, although significantly less by value (77%). 1 In contrast, the European Union's (EU)
aquaculture sector represented only about 1.7% of the world production in volume and 3.1% in value [13] . Moreover, EU production has gone from a moderate annual growth rate of 3.4% over the period 1980-2000, to a negative rate of −0.6% during the period 2000-2014, while the real value has increased slightly over the same period ( Fig. 1 ).
In 2014, the EU aquaculture sector provided 19% of its own supply of fish and shellfish production, substantially less than the global share. This general lack of growth in the EU aquaculture sector has been explained, at least partially, by strict environmental regulations, a high bureaucracy burden that does not facilitate economic development (European Commission, 2009; [15] [16] [17] [18] [19] [20] and the widespread use of command and control instruments to manage negative environmental externalities [21] . 2 Management with command and control instruments (e.g. quotas on inputs and outputs) can lead to a sub-optimal level of aquaculture activity because they usually do not ensure conditions for the most efficient producers to increase production. These instruments are usually inflexible and do not incentivize producers to adapt and develop new technology [22] . The European Commission (EC), together with the EU countries, have invested significant funds in the aquaculture sector to boost food security and economic development. As of the year 2000, more than €1.17 billion of public money had been invested in the sector. Given the initial lack of production increases, the EC identified challenges facing aquaculture, including causes of stagnation and barriers to development, trying to give a new impetus to the sustainable development of aquaculture in the EU [23] . Moreover, through the Common Fisheries Policy (CFP) reform, the EC also intended to stimulate the aquaculture sector and in 2013 published the Strategic Guidelines presenting common priorities and general objectives at EU level. Four priority areas were identified in consultation with all relevant stakeholders: (i) reducing administrative burdens, (ii) improving access to space and water, (iii) increasing competitiveness, and (iv) exploiting competitive advantages due to high quality, health and environmental standards. In 2014-2015, EU countries developed Multiannual National Strategic Plans for the promotion of sustainable aquaculture, proposing concrete actions to address these strategic priorities. 3 This study provides the first comprehensive overview on the allocation of the different structural funds (Financial Instrument for Fisheries Guidance -FIFG, European Fisheries Fund -EFF, and European Maritime and Fisheries Fund -EMFF) in the aquaculture sector and across EU countries from 2000 to 2014. 4 The importance of these subsidies is put into perspective by comparing the evolution of each, across and within the development of different EU countries' aquaculture sectors. Moreover, we analyse EU Member States' forecasted growth in the aquaculture sector based on the allocation of these funds and discuss future possibilities for development. The rest of the paper is structured as follows: Section 2 describes the different subsidy instruments developed by the European Commission to promote aquaculture development; Section 3 presents recent trends on key economic indicators for the EU aquaculture sector; Section 4 shows the main results of the public subsidies allocated to the aquaculture and their effects on the sector; Section 5 discusses the implications of the results obtained, and Section 6 concludes.
Subsidy schemes for the EU aquaculture sector
In this study, the current EMFF (2014-2020) is compared with the two previous EU fisheries funds, the FIFG and the EFF, for the programming periods 2000-2006 and 2007-2013 , respectively. These are the main funds available to the EU fisheries and aquaculture sectors, however, additional support may have been granted through the European Regional Development Fund (ERDF), the European Agricultural Fund for Rural Development (EAFRD) or "ad hoc" Member States' aid provided directly. These are not considered in this study and therefore, the figures presented should be considered conservative values.
These EU funds are co-managed by DG MARE (EC) and EU countries over a seven-year programming period. Member States determine the priorities and the type of projects that can be funded in their country (from a predetermined list defined by DG MARE) and also provide additional national funding for these projects. In most cases the total public support is only a part of the funding with the rest being financed by the entrepreneurs themselves. In this study, both the EU and the national support consider the actual paid (and not committed) amounts for the FIFG and the EFF; while for the EMFF, the budgeted amounts are considered.
Financial Instrument for Fisheries Guidance
The FIFG was launched in 1994 to support the EU fisheries sector, yet support to aquaculture became more apparent as of the programming period 2000-2006 [24] . The FIFG (2000-2006) priority areas included the adjustment of fishing capacity and modernisation of fishing vessels, support to the processing and marketing sectors, and the development of aquaculture.
With a total budget of €5.715 billion (national 35.7% and EC 64.3%), almost 10% (€567 million) was spent on the aquaculture sector. The ex-post evaluation of the FIFG (2000) (2001) (2002) (2003) (2004) (2005) (2006) concluded that the impact was [25] :
• negative in terms of increasing production weight because it did not prevent a global decrease in EU production and encouraged the overproduction of some species, mainly seabream and seabass;
• positive in terms of modernising the sector, with significant aids awarded to major innovating projects (e.g., cod, tilapia, barramundi) and investments consolidating EU leadership in turbot farming. FIFG also accelerated the establishment of production improvement systems;
• positive in terms of hygiene, favouring the improvement of sanitary and environmental conditions;
• positive in terms of profitability, companies receiving funds were Source: own elaboration from Ref. [13] .
a Nominal prices measure the value of a product at the time it was produced.
Real prices (or prices in real terms) are adjusted for inflation. So, real prices give a view of prices for various years based on one year. In our case, real prices are in 2016 dollars. 3 Detailed information for each country is available at: https://ec.europa.eu/ fisheries/cfp/aquaculture/multiannual-national-plans. 4 This study analyses the aquaculture subsidies for the period 2000-2020
(footnote continued) because structured comparisons with funds from previous periods would be inconsistent due to a lower number of participating countries as well as the reduced number of financing areas.
better off than those not receiving funds. It strengthened the leading companies in seabass, seabream and turbot aquaculture, some of them merging or acquiring smaller companies.
European Fisheries Fund
Support to the EU aquaculture sector continued with the EFF for the programming period 2007 to 2013, with more emphasis placed on sustainability [26] . The EEF aimed to underpin the economic, environmental and social objectives of the CFP. In order to accomplish this objective, the EFF had a budget of €4.3 billion for the period 2007-2013. 5 The time period was extended to 2014, in part due to the delay of the EMFF implementation, as well as availability of funds from the EFF after 2013. Overall, total spending under the EFF between 2007 and 2014 amounted to €5.57 billion (49.2% of national contribution and 50.8% of EC contribution). In May 2015, the EFF commitment to measure 2.1 "Support development of aquaculture" amounted to just under €600 million, equivalent to 14.2% of the total EFF committed. These funds were distributed between the actions: i) Increase in production capacity due to construction of new farms; ii) Variation (increase) in production due to the extension or modernisation of existing farms; iii) Increase in number of hatchery-produced fry; iv) Aqua-environmental measures; v) Public health measures; and vi) Animal health measures. DG MARE's [27] ex-post evaluation of the EFF concluded that funds allocated to the aquaculture sector contributed to the: i) increase in production capacity and production of some farmed species; ii) increase of hatchery fry use; iii) improvement of health and animal welfare standards; iv) widespread view that EFF funding was essential during the financial crisis that reduced investment and borrowing activity. Yet, there were no clear linkages between the use of EFF and improvements in the economic performance or productivity.
The European Court of Auditors [28] , however, concluded that: i) the EFF did not offer effective support for the sustainable development of aquaculture; ii) at EU level, measures to support the sustainable development were not well designed and monitored; iii) at the level of the Member States, measures to support the sustainable development were not well designed and implemented; iv) the main objectives for growth were not met and the sector suffered from stagnation, even if the economic crisis contributed significantly to this, at least in the main producing Member States; v) some projects did not provide the expected results, or value for money, and contributed little to growth and employment; and vi), in conclusion, the framework at EU and Member State level was inadequate to translate the objectives for the sustainable development into reality and the measures taken did not provide sufficient results.
European Maritime and Fisheries Fund
The EMFF is the financial instrument to support the EU's maritime and fisheries policies for the period 2014-2020 [29] . It is one of the five European Structural and Investment Funds which complement each other and seek to promote a growth and job-based recovery in the EU.
The EMFF has an overall budget of €8.6 billion, with an EU contribution of €6.4 billion and the remaining €2.2 billion from the national contributions. Specifically, €1.725 billion, about 20% of the EMFF budget are destined to promoting sustainable aquaculture, which entails the following specific objectives 6 :
• strengthen technological development, innovation and knowledge transfer;
• enhance the competitiveness and viability of aquaculture enterprises, including the improvement of safety and working conditions, in particular of small and medium-sized enterprises (SMEs);
• protect and restore aquatic biodiversity and enhance ecosystems related to aquaculture and promote resource-efficient production systems;
• promote aquaculture with high levels of environmental protection, animal health and welfare, and of public health and safety;
• develop professional training, new professional skills and lifelong learning.
The total spending of the FIFG and the EFF by EU country, and total planned allocations of the EMFF funds by EU country is shown in Fig. 2 [20]. 7 The countries receiving the largest amount of subsidies for the aquaculture sector for the period 2014-20 are: Spain (€274.5 million), Poland (€269 million), Italy (€221.1 million), France (€118.4 million), and Romania (€112.3 million). These five countries account for more than 82% of the planned public investment but just 54% of the EU aquaculture production in 2014 (Spain 22%, Poland 3%, Italy 13%, France 16% and Romania 1%).
The overall level of the public spending in the two previous programming periods (2000-6, 2007-13) was quite similar (Fig. 2) . For the period 2014-20, the national expenditure is expected to more than double while the EU expenditure increase more than 3-fold compared to the two previous programming periods. The relative share of public funding in the aquaculture sector relative to the total subsidies in each country is higher in landlocked countries (e.g. Czech Republic 67%, Hungary 66%, and Slovakia 60%), since funds to marine capture fisheries are not allocated. The aquaculture sector also receives particular attention in Romania (50% of the total funds), Poland (38%), Lithuania (35%) and Germany (30%). Allocation of funds between the different priorities is determined by the EU country administration.
In the Multiannual National Strategic Plans [30] for the promotion of sustainable aquaculture, EU countries quantify objectives (e.g. production growth) for their domestic aquaculture sector based on the strategic priorities and the EMFF funds received. According to the figures presented, the estimated projection for aquaculture production in 2020 is more than 1.7 million tonnes, an increase of over 300,000 tonnes (25%) from the 2013 level [31, 32] (see Table 1 ).
EU aquaculture production data
The EU aquaculture sector is dominated by relatively few species. According to FAO data, the overall trend shows that the EU production volume declined by 8% from 2000 to 2016 (see Table 1 ).
In land-based freshwater production, trout and carp dominate covering 53% and 32% of the total volume produced. However, the production of trout has declined 22% whereas carp has remained at the same level from 2000 to 2016, resulting in a 18% decline in freshwater production in total.
In the marine finfish production "salmon and trout" and "seabass and seabream" cover 53% and 38%, of the total production respectively. "Salmon and trout" production increased by 23% and "seabass and seabream" by 62%, resulting in an overall increase of 38% in the 5 The budget was distributed between five Priority Axis: 1) adapting the Community fleet (€1.2 billion), 2) aquaculture, inland fishing, processing and marketing of products (€1.2 billion), 3) measures of common interest (€1.1 billion), 4) sustainable development of fisheries areas (€0.6 billion), and 5) technical assistance (€0.2 billion). 6 The relative share of the public funding in the aquaculture sector (compared (footnote continued) to the overall funds) has also increased from the two previous programming periods ( were it was 10% and 11% to almost 22% for the period 2014-20. 7 Bulgaria and Romania did not participate in the FIFG and Croatia did not participate in the FIFG and EFF because they joined the European Union in 2007 and 2013, respectively. marine finfish production. The shellfish production is more diverse but the main bulk of production is covered by blue mussels, Mediterranean mussels and oysters. Combined, mussel production fell by 26%, and oysters by 46%, leading to an overall 28% decline in volume. On the other hand, production value increased 39% between 2000 and 2016, while remaining stable in real terms. Prices of main farmed species in the EU have been stable or even declined in real terms. Hence, the improved performance in value compared to the volume is due to a decrease in the production of lower value species (e.g. mussels) and an increase in the production of higher value species (e.g. salmon, seabass and seabream). At country level there is a large variation in the achieved growth, which is partly due to some countries starting off from a very low production level and to the species composition that depends on the available natural resources and technological capacity within each Member State. Table 1 presents the total production volume for 2000 and 2016 of the 27 EU countries with reported FAO aquaculture statistics. Fourteen countries had a production of less than 10 thousand tonnes in 2000, of these only Belgium experienced a decrease in production whereas all the others were able to increase theirs, mostly driven freshwater trout and carp production. However, with a contribution of 6% of the total production volume in EU, these 14 countries can be considered as minor producers.
In 2000, eight countries were producing between 10 and 75 thousand tonnes. Of these only Hungary, the Czech Republic and Poland were able to increase their production in 2016, mainly freshwater trout and carp. Conversely, production of trout fell in Finland and Denmark. The decline in Ireland, Germany and the Netherlands was primarily a result of decreased harvest of mussels, as with Spain, France and Italy, which are the largest aquaculture producers in EU. Freshwater trout production also declined in these three countries. For the five largest producers, Spain and Greece managed to increase the production of seabream and seabass, whereas the UK increased the production of marine produced salmon. Spain also increased production of turbot.
On the whole, the decline in EU aquaculture production appears to be primarily related to a fall in mussel harvest within the larger EU producing countries, whereas the success stories seem to be the marine aquaculture producing salmon and seabass/seabream. This general decrease in the EU aquaculture production is in contrast with the EU Member States' forecasted production for 2020. In order to achieve 2020 goals, EU aquaculture production will have to increase by almost 1/3 compared to the 2016 production level. Thus, it seems a real challenge reaching the national goals of the strategic plans, if mussel production does not recover during the next 5-year period. Table 2 shows the evolution of the number of enterprises, Gross Fig. 2 . Evolution of the EU structural funds devoted to aquaculture per country (in million €). Source: [20] . Value Added (GVA) and employment (in total and by Full Time Equivalent (FTE)) by EU country collected through the EU Data Collection Framework (DCF) [20, 32] . These data only include countries participating in the EU DCF. 8 The total number of aquaculture companies in these Member States was estimated at 12.5 thousand, with a reported €2.1 billion in GVA and an EBIT of €1.2 billion in 2016 [32] . The enterprises directly generate more than 75 thousand jobs, employing on average about 5.9 persons per enterprise. Almost 90% of the firms are micro-enterprises, employing less than 10 employees in coastal and rural areas. The number of companies, total employment per country and overall economic performance has improved from 2008 to 2016 (see Table 2 ).
The average values obtained from the years the DCF data are available (mostly 2008-13) were used to compute the various indicators for the EFF (2007-2013) period. Where needed, data were raised for the total period from the available years (e.g. for 7 years from 6 years available -7/6) and then compared to the total public spending for the period. In the case of the EMFF, where only 2014 to 2016 data are available for the programming period (2014-2020), these data were used as the average value for that period and raised accordingly. In addition, for the public funding per kg of farmed fish indicator, average production was estimated considering the average values for the 2014-16 period, as well as with a proportional increase to reach the 2020 forecasted value.
Results
The public funding per enterprise, employee, FTE and GVA are reported in Table 3 .
When considering the DCF data [20] and the funds allocated by country, an average of almost €41 thousand per enterprise were spent over the period 2007-13, and funding will increase to €123 thousand per enterprise for the period 2014-20. Similarly, the public funding spent corresponds to almost €7 thousand per employee during the period 2007-13, to more than €21 thousand for the period 2014-20 (€11.6 thousand and €39 thousand when measured in FTE). However, results vary significantly by country, with Estonia showing the highest ratios and France and the United Kingdom the lowest.
Overall, public funds corresponded to 4% of the GVA produced by the EU aquaculture sector during the period 2007-13, and will increase to 9.3% during the period 2014-20. Table 4 presents the public funding measured in EUR per kg of farmed fish produced (i.e., extra price paid by tax payers) and Table 5 shows the average aquaculture production price and the public funding measured in EUR per value (i.e., price increase percentage).
On average, during the 2000-6 period, public funding represented 6 cents for each kg of farmed production (corresponding to 2.8% of its value or price). During the 2007-13 period, public funding represented 7 cents for each kg of farmed production (2.5% of its value); while for the 2014-20 period (if 2014-16 production levels are maintained), public funding would represent 19 cents for each kg of farmed production (6.2% of its value) or 17 cents if the projected production is reached by 2020. This is equivalent to say that taxpayers paid 6 cents more per kg for their farmed fish (not imported) between 2000 and 2006, 7 cents more from 2007 to 2013, and will pay 17 to 19 cents more from 2014 to 2020.
However, the situation across EU countries is quite diverse. For example, for the period 2007-13, Romania received public funds equivalent to €0.89 per kg of farmed fish (≈51.4% of the total Romanian production value), Estonia €1.66 per kg (≈43.7% of the total production value), Latvia €6.18 per kg (≈271.2% of the total production value) and Slovakia €17.2 per kg (≈69.5% of the Slovakian production value).
When considering EU aquaculture production stable at 2014-16 levels until 2020, for the period 2014-20, Latvia would receive public funds equivalent to Belgium €15.78 per kg, €8.48 per kg, Estonia €3.02 per kg, Romania €1.40 per kg, Slovakia €1.14 per kg and Portugal €1.10 per kg. Then this public funding received would be equivalent to 314.3% of the value of aquaculture production for that period in Latvia, 268.8% of the value of the Belgian aquaculture production, 70.9% of 8 The collection of freshwater aquaculture is on a voluntary basis. Belgium, Latvia and Lithuania have only freshwater aquaculture and decided not to collect these data. Germany and Slovenia only reported marine aquaculture data, and Poland in addition to marine aquaculture reported some data at the total national level.
the value of the Estonian aquaculture production, 70% of the Romanian aquaculture production, 38.2% of the Lithuanian production, and 44.2% of the Slovakian aquaculture production value. The public funding for the EMFF period divided by the EU Member States projected production increase (EUR/kg) for the period 2014-20 is reported in Fig. 3 .
On average, €3.6 of public funding will be used to increase aquaculture production by one kg in 2020, and it is expected that this production increase will be maintained over time. Public funding, measured by expected production increase in weight, varies significantly by country, with Latvia requesting €28.7 per kg of farmed production increase, Belgium €17.9 per kg, Poland €12.8 per kg, and Cyprus €12.7 per kg, while United Kingdom and Ireland requested €0.5 per kg and €0.7 per kg, respectively.
Discussion
The €1.17 billion spent on increasing the EU aquaculture production over the FIGF and EFF programs did not lead to an overall increase in production volume. Funds supported growth by increasing Table 4 Public funding (EUR) per weight (kg) of farmed fish produced. production capacity through financing the construction of new farms and hatcheries while investing in environmentally friendly technology and species diversification. Aquaculture experts, researchers and producers have often pointed out (e.g. Refs. [18, 20, 23, [32] [33] [34] , that the lack of growth in the EU aquaculture sector can be mainly explained by the difficulties of integrating EU and national environmental policy concerns (e.g. the water framework directive) and at the same time sustain growth in an environmental and economically sustainable way to satisfy an increasing demand of seafood consumption [35] . Yet, these overall figures do not fully show the evolution of the EU aquaculture sector. Between 2008 and 2016, the EU aquaculture production increased by 39% in value terms, despite the decrease in the production volume (−8%). Most of the key EU producers, with the exception of Italy, increased their value production. Behind these numbers, the production of seabass, seabream and salmon has increased by almost 40%, while the production of mussels, the main aquaculture production in volume, has declined by 15% during this period. Mussel production has declined in the EU due to spreading of diseases and low earnings, which may be due to local limitations in EU countries such as the high atomization of mussel enterprises in Spain [34] or the impacts of climate change on the mussel aquaculture sector [36] , among others. Thus, the overall production evolution hides a decrease of species with low economic value (e.g. mussels) only partly due to poor economic performance, and production increases of higher valued species (e.g. seabass and seabream). Moreover, average GVA increased by 71% during this period.
However, the EU may have failed in directing the funds where it could have made a more significant impact [28] . The payments of funds are handled nationally and with a very wide range of possibilities to support different types of projects under the overall EU strategy for developing the aquaculture sector. As a result, the subsidies are distributed among many small-scale projects, in most cases, and it has proven very difficult to measure and obtain knowledge on the effects of support given to these small individual producers/projects. The structure of the EU aquaculture sector is mostly small-scale family owned businesses [20, 32, 37] , which have limited interest in sharing knowledge and new technology advances due to high competition in the sector. 9 On the other hand, the small-scale farmers also have limited ability to adopt and apply new technology and knowledge even when available. Looking at the few successes in the EU, it is mostly large-scale producers with high expertise and economic means producing well established species (salmon, seabream and seabass) in large scale that have been successful. Furthermore, it seems that the environmental constraints on sea cage farming, so far, is less than the land-based alternatives, even though there is less control with the nutrient load and potential disease spreading. Thus, the potential in sea cage farming of already produced species seems promising. Land based producers compete with other inland producers on emissions to the surrounding environment. Even though there has been Fig. 3 . Public funding per projected production increase (EUR/kg). 9 This contrast strongly with the large firms that dominate the most successful
European aquaculture sector, salmon, within EU (primarily Scotland) and outside of EU (Norway and the Faroe Islands) [59] .
an intensive technology development reducing the nutrient loads from aquaculture farm, the stage where fish farming can be decoupled from the environment is still not an economically viable business. The problem here seems again to be the economic structure of the sector and the focus of the funding. If the demand for the new technology increased, their prices would decrease [2, 38] and make it more profitable to introduce the new technology, and this also carries into the supply chain [39] . However, the small-scale producers and limited volume of production in each country combined with the unfocused spending of public means on small-scale projects do not support further technical development and do not give input providers an incentive to further develop and invest in the aquaculture sector. Overall, funding for research with a more overall aim of supporting development of technology, vaccines, breeding and feeding for wellestablished species already produced and sold on the EU market could be a way forward to get a more significant effect in terms of production volume under the given environmental constraints. Furthermore, most EU countries base their existing regulation on command and control. This kind of regulation can secure a certain level of environmental impact from a sector, such as the level of nitrogen, phosphorus and organic material from the aquaculture sector. However, command and control regulations usually do not ensure that the most efficient producers are the ones producing, they are inflexible and do not provide producers with an incentive to adapt and develop new technology [10, 22, 40] . Implementing incentive-based regulation, such as individual transferable quotas or taxes on their environmental impact, can induce economically optimal management, which could support further growth in the EU aquaculture sector.
Conclusions
While there is an ongoing global aquaculture revolution, the EU is to a large extent not participating on the producer side, as production growth in volume was weak until the turn of the century and has stagnated since then. This decrease in the EU aquaculture production is mainly due to the decrease in the mussel production; while production of more expensive species (e.g. salmon, seabass and seabream) with a higher degree of control by the farmer of the production cycle (e.g. feeding, medicines, juveniles, broodstock, etc.) has increased.
Still, the EU is set on promoting growth in the EU aquaculture sector, having invested €1.17 billion from the structural funds over the period 2000-2014 and plans to spend a further €1.72 billion over the period 2014-2020 through the EMFF. These significant levels of public funding can be difficult to justify 10 , especially when experts indicate strict environmental regulations and administrative burden for the overall lack of growth rather than the need of public funding [20] . These funds represented on average 4% of the GVA produced by the EU aquaculture sector during the period 2007-13, and will increase to 9.3% for the period 2014-20. On average, each enterprise received almost €41 thousand in public funding (2007-13), and will increase up to almost €123 thousand per enterprise . Likewise, this corresponds on average to almost €7 thousand per employee during the period 2007-13 (i.e., about €1000 per year), and more than €21 thousand in the period 2014-20 (i.e., about €3000 per year). However, given the small size of the EU aquaculture sector, the public funding destined to the sector represents a small expense for the EU taxpayers.
This support aims to improve food security and economic development in line with the EU's Blue Growth Strategy and the potential of creating sustainable growth and jobs from marine sectors [41, 42] . However, the projected 25% growth in the EU aquaculture production may be too optimistic considering the overall zero growth in the sector during this whole millennium, especially if mussel production does not recover.
Seafood markets are becoming more competitive, and subsidies allocated to improve productive efficiency, reduce production costs and increase productivity are key to increasing the competitiveness of aquaculture in the EU, as for many species there is a strong competition from imports [34, [43] [44] [45] [46] . Ideally, subsidies should target improvements on the production efficiency through technical, operational and management innovations that lead to a reduction of the average cost of production. By improving the economic margins, profitability would be less dependent on the volume of production and the level of imports, thus making the sector more resilient [47] . Past experiences have shown that while the overall objective of these programs has been to increase the production of the sector in general, not all productions types should be promoted equally. Subsidy policies must promote highquality, high-nutritional products and eco-friendly production, but also consider consumer preferences and market demand. Quality or other product attributes can be used as a differentiation factor under certain circumstances by the EU producers [48, 49] . Therefore, we recommend focusing on improving the value of the EU aquaculture production than just increasing production (i.e., food security) per se. We believe this approach helps to explain the successful increase in the salmon, seabass and seabream productions in the EU.
Unfortunately, we do not have data to compare the subsidy levels with other non-EU countries, but it is worthwhile to note that subsidies have been a factor in many of the numerous anti-dumping cases for seafood such as salmon to the US [50] [51] [52] , salmon to Europe [53] and shrimp to the US [54] . However, as for fisheries subsidies [12] , subsidies for aquaculture are likely to be present primarily in developed countries and primarily for net importers of seafood. Thus, despite the subsidies devoted to its aquaculture sector, the EU should not receive anti-dumping complaints, as a net importer of seafood and hardly exporting any farmed products.
Declarations of interest
Sebastian Villasante acknowledges financial support from the European COST Action "Ocean Governance for Sustainability -challenges, options and the role of science" and by the ICES Science Fund Project "Social Transformations of Marine Social-Ecological Systems".
The other authors declare no conflict of interest.
Annex: Reference box for acronyms Table 6 Reference box for acronyms 
